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SUMUARY

Sweralfuelswereusedina 16-inchmm-setengineduringa
free-setinvesti~tionofram-jetperformancee intheMUX Lewle
altitudewindtunnel.Thefuelsusedwere: @soline (AN-F-46b),
kerosene(~-F-32),blend(byvolume)of50-percent~sollneand50-
percantpropylaneoxide,blend(byvolume)of75-percantkerosene ‘
and25-percentpropyleneoxide,andisopentie.

.
Ik.taarepresantsdehowlngrangesofoperation,“combustion

effLciencies,andweightandvolumespeoificfuelcmsuqptionsobtained
Wth tievariousfuels.l&ximmrangesofoperationwereobtained
withtheblendsofpropyl,aneoxide.Thderthemoredifficultoperating
cmditlons(lowinlettaqperatures),fuelshavingthelowest50-parcent
boilingpcdnteeve thehighestcombustion~fici~cies.~so~e ~pg
minimumvaluesofweightspeclflcfuelccmsumptiom,whereaskeroseue
eve mintmumvaluesofvolumespecificfuelconeumptim.

INTRODUCTION

hr~ a free-jetstudyoftheInternalperf~ e ofa 16-inch
ram-JetengineccnductedattheNAM LewisIabcmatcnq(reportedin
referemce1),datawwreobtainedwithseveralfuels.Thesedata,
whicharerepcmtedhereti,donotconstitutea systemticandgompre-
hemsivestudyoftheeffectoffuela ram-~etperformnce,buta?.-e
sufficienttogivesome*endsintieeffectsofspeclflcfuedson
-e ~~ce ●

Thefuelsinvesti~tedwere:c3ear~soline(M?-F-46b)~kero-,
seine(AN-F-32),blend(byvolume)of50-percent gasollne plus50-percent
propylemeoxide,blemd(byvolume)of75-percautkerosauePlus 25- .
Pmcmt pro~gleneoxide,&d Isopentane.-

Thefuels*solineandIcerosaaewere
availabilityandcurremtuseinaticraft.

selected
Thetwo

becauseoftheir
blendswereselected
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onthebasisofprevious Investigationswithpropylenaoxlda(refer-
ences2 and 3). Isopemtaneua6lnvesti~tedbeoauseofthelow50-
peroentbolllng point, a desirableprm foren@neopemationunder
severeburnsm-inletoonditicms(references4 to 7).

h order toprovidea basisfcwc-son, thesamebwneroa-
figuraticm.waausedwithallfuels.Chan@sinthecxxibustmdesign
wo’@dtherefareprobablyInfluencethetrendereportedherein.

u

Ma

3

lktaarepresentedatM@ nuoibersof 1.35, 1.50,and1.73ra
altitudesrangingbetween35,000and44,000 feet.Theoperablefuel-
air-ratiorangeandtheanunzntofheatcontainedInthefuelperpound
ofairarelndioatsd.InasmuohasthefuelselecrkicntillInmany
oasesdependcmthesmglnefllghtplan,thefuelconsuqtionis
reportedonbotha weightanda volme‘ksis.

APFARATmm PRocEmEm

A tmhematicdiagramofthe emerlmental appmatusintheLewis
altitudewindtunnelIeshaminfIgure1. 3&ee-Jetsupersaulonozzles
wereattaohedtotheendoftherampipethroughuhlohairentersthe
tunnel.Therank~etengineisshownInfigure2withtheinlet
mouuteddownstreamofthesupersonicnozzleoutlet.

Thefollowing12-lnoh-outl.et41ameterfree-jetnozzleswereused:

Desl~ Distancefromnozzleoutlet
—.

Mzch toram-setwt
number (in.)

Air. entering theJsqpersmicnozzle wasdried to prevent ccmdensa-
tloa ofmoistureandwasheatedtothestagnatlcatqperatureatthe
SilmllatedfM@ltCcmditicxl.M eaohwind-tunnelpressurealtitude,
thedesiredpressureratioaorossthesupemomicnozzlewasobtained
bythrottlingtheairfromInttialahospheriopressure.

A sohmmtiadra~ of“We16-lmh41ameterengtneIsshornIn
fi~e 3. Theaver+aKlen@nelengthwas181Inohes,90Inohesofwhi.oh
werecodnzstianokniberandoutletnozzle. .

A singleoblique-shookInletdesi~edforexternalmxqpression
wasUsat. Thespike(imludedmne angle,46°)wasremotelyadjustable

—
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# sothattheshockitgeneratedcouldbead@stedtointerceptthe
d InletlipatallMachnuzibersinvestlg3ted.

~
A wxtex pilotbm’ner,builtintothedowns~eamendofthedif-

fusercenterbodyjprovideda c~tinti sourceofi~tica. Alr
enteredductInletsb twoofthecenter-bodyrear-supportstrutsaud
wasdischargedintothepilot-lnrrnerchamber.Propyleneoxidewae
introducedthrougha singlecomercialspraynozzleandthefuel-alr
mtrturewasignitedbya standerdturbojets-k plug.

Thewater-oooledccnibuettcmchamherandoutletnozzlewerecon-
structedof~cmel. A movablewater-c@ed outlet-nozzleplugwas
usedwitha converging13.75-irmh-diameter outletnozzleandwasset
atoutlet-areatoconibustlon-chamber-arearatioof0.74.

Thespray-nozzlefuelin~ectaremployedisshcnminfigure4.
Fourmodifiedcommercialspraynozzlesweremountedoneachoffour
segmenteofthisln~ector.Theexternalcontourofthenozzleswas
machinedtoreducetheaerdynemicdrag;thenozzleswereoftwo
capacities$0.347and0.683gallonperminuteata pressuredlfferen-
tialof100poundspersquareinch.~el wassprayedinanupstream
dtiectimwiththefuelIn#ectorssetata meanfuelradiusof
5.22inches.A c~ted-gutter fq holder(fig.5)waslocated
17inchesdownelawamoftheplaneoffuelinjeotbn.

Thefuelsusedinthisinvestigationhavethefo~owing~operties:

Fuel

Gasoline
Kerosme
Isopentzae
50-percentgaso-
llneand50-
percentpro-
pylemeoxide

75-percentkero-
seneand25-
percentpro-
pyleneoxide

Propylemeoxide

Lower
leawng
falue
[Btu/lb)
19,000
18,500
19,300
16}040

17,140

13,075

0.704
.792-.835

.622

.767

.802-.834

.831

0.067
.068
.065
.086

.077

.los

Enitlal

)Olliq
JOlnt
(°F)
112

83
91

95

93

XLpermrrt
wiling
pint

(%)

374
,---------

IX?

366

,---------

lHnal -
boil.ing

309
439
83

433

93 .—
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Engineairf’lowwascbqputedfTomtotal-andstatio-wessuresur-
veysatstatiaX (fig.3). Jetthrustwaecalculatedfrcmpreesme
surveysattheexhaust-nozzleoutletobtainedwitha tailrakethat
hadpreviouslybeencalibratedwiththetunnelscalesintheconnected-
pipephaseofthisiuvesti~tion(refmence8).

Valuesofcombustionefficiencyarebasedontheenthalpyrisein
thees flowlngthroughtheenginePIUStheheatlosttothecombuetion-
chambercoolingwaterdividedbythetotallowerheatingvalueofthe
minandpilotfuels.Thenet-thrustcoefficimtisbaredanthe
-e frm~l area(ar=of16-in.-diam.oircle).

RE8UUi!8ANDD180TESIOH

● RangeofOperaticm.

Theovw+d.1mngesoffud-ajrmtioandcqui=lencemtio
(actual.fuel-airratiodividedbystoichiometricfuel-airratio) a%
which operatlcmwasobtainedforthevariousfuelsandengineoperating
oonditicasarepresentedinfigure6. Alsopresentedistheheatinput
inBtuofavailableheatperpoundofam (lowerheatingvalueoffuel
multipli~b~fuel-atrratio).Thenexrowestrangeofoperationwas
obtainedwithkeroswe;burningwithbothkeroseneandisopemtane~
whichalsohada narrow_ ofoperati=}wasrough.UndersomeCCXZ-

ditiomslburningcouldnotbeobtainedwithkerosene,whereasoperaticm
withtheotherfuelswaspossible.8moothestburningandmaximunrange
wereobtainedwiththeblindsofpropylaneoxidewith~solineand
kerosene.Therqngeofoperaticmobtainedwithgasolinewassomewhat
lessthantherangesobtainedwiththeblinds.

Intheplot“ofequivalencez%atio(fig.6(b])@soMne,ieopentane~
andkeromanehavenearlythesameheatinputata givenequivalence
ratio$buttheblendsofpropylemeoxidehavegreaterheatinputs
becausethehighstoichiometricfuel-airratiosmorethancompensate
forthelowheatingvalues.

CombustionEfficiency

Ccmibusticnefficimciesobtainedwiththe0.683-gallon-per-minute
fuelnozzlas=e ehominfigure7 foranappr~mateheatinputof
800Btuperpoundofairasa famctionofthe50-percentboilingpoint
ofthefuel.Thedataareforseveraltiee-~etMachnumbersandpres-
surealtitudesandfortwoinlet-airtemperatures.Datiobtainedatan
inletair temperatureof11003’wereforrenditionswheretheinlet-air

‘3 u
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temperatureccmreepondedapproximatelytothealtitudeandfree-~et
s I&ohnmiber.Thedataat180°F wereobtainedwhenthealrdryer

becamesaturatedendtheair=s heatedto1800toavoidc-ansaticm.

~ TheeffectM thedifferenceinmoistweccdwntoftiealroncont-
bustionefficimcywasnegltglble.Combustion-chamber-inletstatic
pressureswereappr~tely MOO to1700poundspersq=e foot,
exceptforthedataata free-~etMachnuuiberof1.35,wherethe~es-
surewas800to1060pomdspm squarefoot.Theseccmbustion-chamber-
inletpressuresandtemperaturesreprescmtmdmte ram-~etoperating
conditions● ThedataobtainedatanInlet-airtemperatureof11.OOF,
houeversremeaemtme difficultconditionsofoperationthanthoee
at1800F becauseoftheloweredairtemperatureandalso}inWe cuse
oftie dataata free-~et
pressure.

Littledlffermce.in
tioue fuels,atfree-et

dairtaqpem3tureof180.
Ciency}61.5perocmtsand
thehighest,70percent.

Machnuuberof1.35}theloweredInlet-air

combustionefflcleacywaaobtainedforthe
Machnumbersof1.50and1.73withan~et-
Isopentaneeve thelowestccxibustloneffi-
theblindof@soMne andpropyleneoxide
Ataninlet-airtemperatureoflJOOF$hcnp

emrscombustionefficiencydecreasedasthe50-peroantboi~ point
ofthefhelincreased.Ata free-JetMachnumberof1.35}theccmibus-
tlonefflciancydecreasedfroma valueof68percentf= theblemdof
&uMne andpropybneoxideto47percentfm @sollne.Ata free-$et
Machnuniberof1.50jthecombustionefficiencydecreasedfrom63percent
forisopemhaneto49parcentfartheblendctfkerosmeandpropylene
cride.No.operationcouldbeobtainedwithkerosaneforthiscondition.

Similardecreasesincombu.etfonefficiencywithIncreasing50-
percentboiltngpoint”ofthefuelarereportedb referaces2and3
ulthpropyleneoxide>kercsenesanda blendof75-percentkeroseneand
25-percentpropyleneoxld.e.Ccmibustion-efficiencydatafromthese
references=e ~esantedInthefollowlngtable:



6 ~$u
.!. .

MACARME50106

l?ropyl~eoxide

EquivalenceComlnlstim
ratio efflciemcy

0.776 83
.943 82
.667 85.5
.781 84
●933 83

Kerosene

EquivalenceCombustkm
ratio effiolcmcy

0.765
.941
●654
.794
.932
1.294

64
62
74
62
62
49

75-perwmtkerosene
and25-percent
propyleneoxide

~{

1.31 57

Isopentanemve rathm?Poor perfonwmceinspiteofthesimilarity
ofits5~-percen~boillngpo-titt~thatof~opyl–aeoxlde~whioh -
suggeststhatotherfactorssuohasi.gnlticmaergyandf* speed
exeimportantintheselectlanofa fuel.

—

-.

SpeoificFuelCcmsmp?lon ..-

WeightspecificfuelconsumptioninPO-S offuelperhourper
poundofnetthrustandvolumespeolflofuelocxmamptloninoubio
feetoffuelperhourperpoundofnetthrust(free-JetMsohnumber,
1.35)arepressmtedasa funotimofthrustcoefficientinfigure8
forolm gasolineandtheblendof50-percent@solineand50-percant
propyleneoxide.Thedataarefor10Vvaluesofcombustion-ohamber
Inletpressure.

Themximumthrustcoefficientobtainedwiththeblendofgaso-
lineand~opyleneoxide,0.55>wasccmsiderablybetterthanthat
for~sollnealcae,0.45.~ general}theweightspeoiflcfueloca-
sumptionwassllghtlylowerforcl= @soltiethanfortheblend.
Qntheotherhand,thevolumespeciflo fuel consumptionwassllght&

.—

lower fortheblendthanfor@soline.Thetwopointsfortheblend
atanaltltudeof40>000feetanda thrustcoefficientofabout0.48
wereobtainedatfuel-alrratiosgreatwthanthosegivingpeakcom-
bustionefficiency;theconibustlanefficiencydeoreasedsorapidly
thatthe.tbrustcoefficimtdeoreasedandthespecificfuelcon-
suqptlontioreased.

A oomuzrtsonata free-jetZ&ohnumb=of1.50ofthespeclfic
fuel mnsui@ion withgasoltie) isopentanejand
percentkeroseaeand25-percentpropyl~eoxide

.

theblindti-75- ‘- ““
isgiveninfigure9.

.
.

v
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a
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NOoperationcould beobtainedwithkeroseneatthiscaditl=● - .
u mximmnthrustcoefficientof0.55wasobtainedwith~soline,as

comparedtith0.53fcmisopentaneand0.44wititheblandofkero-
~ seneandpropyleneoxide.Belowa thrustcoefftclantof0.50,gaeo-

J.lneandisopentanehadapprox-telythesamevaluesofwei@t
specificfuelcmeumption.Theweightspecificfuelconsumption
withtheblandofkeroseneandpropyleneoxidemm considerablyabove
thatforeither~solineor isopatene.Whenthefuelswerecoqpared
ona volumebasis,however,theblendofkmosaueandpropyleneoxide

. becomesnearlyashighas~solinebecauseofitsgreaterdensity,
andisopanfxmebecomeslessdesirablebecauseofItslowiknslty.
Thespecificgravityforkerosauewasconsideredastheaverageof
theer&emevaluesgiveninthephysical-propertiestableinthesec-
tion“ApparatusandProcedure”.

PressntedInfigure10areadditionaldataata free-etMachJnumberof1.50,butata M@er Inlet-alrtemperature(160F)than
thatoffigure9. -reasingtheburner-inlettemperatureimproves
combustionandope~tlonwasobtainedwithIa?n?osme.Becauseof
hi@ercombustionefficienciesatthehigherinlet-airtempez%ature
(fig.10),theabsolutevaluesofspeciftcfuelc~s~ptionarelower
forthedab offigure10thanforfigure9.

Thehighestthrustcoefficient,0.555,wasobtainedwiththe
blendof75-percentkeroseneand25-pwcemtpropylsmeoxide.Lowest
valuesofweightspecificfuelconsumptionformst valuesofthruet
coefflclantwereobtafnedwithgasollne,followedinorderbyiso-
pentane,keros=e,andtheblti ofkeroseneandpropyl=eoxide.
Becauseofthegreaterdemsity,kerosene~ve lowestvaluesofvolume
speclflcfuelconsumptlm.Gasolineandtheblendofkeroseneand
ProF@=e-de hadapproximatelyequalvaluesofvolmespecific
consumptionandisopentane,thehtghest.

SUMWRYOFBESUECS

Froma free-~etlnvesti~tionofa 16-inchram-~etconfiguration
intheLewisaltitudewindtunnelatfree-$etMachnumbersfrom1.35
to1.73andaltitudesfrom35,000to44,000feetwithseveralfuels,
thefollowingresultsvereobtained:

1. withrespecttominimumwei@tspeclftcfuelconsumptiau,
gasolineeve thebestperformance;wl.threspecttomahaumthrust

m.

9

●
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coefficientatlowwel@tspecificfuelmn’sumption}a blindof50-
percent@sollneand50-permntpropyleneoxidegavethebest
pmfoznmmce.

j“’
2. “Eeromnegaveminimumvaluesofvolumespecificfuel

Consumption.

3. Undertheumredlffioultrenditionsofoperati~,hi@est
mmbusticmeffioiemoywasobtainedwiththefuelshavinglow50-
percentboillngpoints;whereasundermoderatecomdttionsofopera-
tion,littledlfferemeInoo&n@tioneffiolemywaeobservedfor
thevariousfuels.

4. Themximumrangesofoperationwereobtainedwiththe@lends
ofpropyleneoxide,whereastheminimumrangeswereobtainedwithkero-
seneandIsopmtane.

Lewis E’llghtPropulsionLaboratory,
NationalAdvisoryCoumltteeforAeronautics,

Cleveland~Ohio.
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